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CORRESPONDENCE

Neutralization of the SARS-CoV-2 Deltacron and BA.3 Variants

TO THE EDITOR: During the coronavirus disease
2019 (Covid-19) pandemic, the emergence of the
BA.1, BA.2, and BA.3 sublineages of the B.1.1.529
(omicron) variant of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) has generated
serious concern over the durability of vaccine- and
infection-induced immunity in the face of con-
tinuing evolution of the virus. This worrisome
viral evolution has been exacerbated by recombi-
nation of the omicron variant with the B.1.617.2
(delta) variant.’® The ability of such “deltacron”
variants to evade immunity induced by either vac-
cination or previous infection remains unclear.

Here, we used a pseudotyped virus neutral-
ization assay* to examine neutralizing-antibody
titers in serum samples obtained from vacci-
nated health care workers at the Wexner Medical
Center at Ohio State University as well as from
patients with confirmed Covid-19 during the
delta and omicron waves in the Columbus, Ohio,
area. We evaluated neutralizing-antibody titers
against the ancestral SARS-CoV-2 strain bearing
the D614G mutation, along with the understud-
ied BA.3 and deltacron variants, and compared
the responses with previously reported results
for the BA.1, BA.2, and delta variants (Fig. S1 in
the Supplementary Appendix, available with the
full text of this letter at NEJM.org).®

We first examined neutralizing-antibody titers
in serum samples that had been obtained from
10 health care workers 3 to 4 weeks after they
had received the second dose of the mRNA-1273
vaccine (Moderna) (in 3 workers) or the BNT162b2
vaccine (Pfizer—BioNTech) (in 7 workers) (Table
S1). As compared with the response against the
DG614G variant, neutralizing-antibody titers were
3.3 times as low against the BA.3 variant and
44.7 times as low against the deltacron variant
(P<0.001 for both comparisons) (Fig. 1A). How-
ever, after the same health care workers had
received a booster dose of the same vaccine used
in the two-dose series, neutralizing-antibody ti-
ters were 2.9 times as low against the BA.3 vari-
ant and 13.3 times as low against the deltacron
variant as against the D614G variant (P<0.001
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for both comparisons) (Fig. 1B). As compared
with the major omicron sublineages, the delta-
cron variant showed similar neutralizing-anti-
body resistance to the BA.1 and BA.2 variants,
whereas the BA.3 variant (which does not contain
many critical mutations in the receptor-binding
domain, as seen in other omicron variants) was
more sensitive to both two-dose and boosted
samples obtained from the health care workers
(Fig. S2A, S2B, and S2C).

We next examined neutralizing-antibody titers
in serum samples that had been obtained from
18 patients 3 days after admission to an inten-
sive care unit (ICU) during the delta wave of the
pandemic (Table S1). Among these patients, 12
were unvaccinated, 5 were fully vaccinated, and
1 was vaccinated and boosted. These patients had
similar neutralizing-antibody titers against the
D614G and BA.3 variants. However, the titers
against the deltacron variant were 137.8 times as
low as the titers against the D614G variant, with
only 44.4% of the patients having neutralizing-
antibody titers against the deltacron variant that
were above the limit of detection (Fig. 1C). Again,
neutralization escape of the deltacron variant
paralleled that of the BA.1 and BA.2 variants,
whereas the BA.3 variant remained largely sensi-
tive to neutralization (Fig. S3A, S3B, and S3C).
The 6 patients who had been vaccinated had sub-
stantially higher titers against the D614G and
BA.3 variants than the patients who were unvac-
cinated, whereas the deltacron variant largely
escaped neutralization.

Finally, we examined serum samples that had
been obtained from 31 patients who were hospi-
talized during the omicron wave but were not
admitted to the ICU (Table S1). We observed that
neutralization of the deltacron and BA.3 variants
was similar to that of the D614G variant, for which
titers were much lower than those in samples
obtained during the delta wave (Fig. 1D). Neu-
tralization of both the deltacron and BA.3 vari-
ants was similar to that of the BA.1 and BA.2
variants; the delta variant had the most resistance
to serum obtained during the omicron wave
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Figure 1. Neutralization of the BA.3 Omicron and Deltacron Variants.

Shown are neutralizing-antibody titers against virus pseudotyped with spike protein from ancestral severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) bearing the D614G mutation, along with the BA.3 and deltacron variants, in 10 serum samples obtained
from health care workers who had received two doses of a messenger RNA (mRNA) vaccine (Panel A) and from the same workers after
they had received three mRNA vaccine doses (Panel B). Also shown are neutralizing-antibody titers in samples obtained from 18 pa-
tients admitted to the intensive care unit (ICU) during the delta wave of the pandemic, including 12 unvaccinated patients (closed cir-
cles), 5 fully vaccinated patients (open circles), and 1 vaccinated and boosted patient (plus signs) (Panel C). In addition, neutralizing-
antibody titers are shown for 31 patients who were hospitalized with Covid-19 but were not admitted to an ICU during the omicron wave
of the pandemic, including 15 unvaccinated patients (closed circles), 8 fully vaccinated patients (open circles), and 8 vaccinated and
boosted patients (plus signs) (Panel D). In all cases, geometric mean values for the 50% neutralization titers (NT, ) are provided at the
top of the plots along with the percentage of patients with neutralizing-antibody titers above the limit of detection (value of 80), as indi-
cated by the dashed lines. | bars represent 95% confidence intervals. Statistical significance was determined by one-way repeated-mea-
sures analysis of variance with Bonferroni’s multiple testing correction. NS denotes not significant.

(Fig. S3D, S3E, and S3F). This similar neutraliza-
tion of omicron sublineages occurred regardless
of vaccination status, with 8 patients having re-
ceived two doses and 8 patients having received
three doses. It is critical to note that the patients
who were hospitalized during the omicron wave
had broader neutralization of all the tested omi-
cron variants than did those hospitalized during
the delta wave (Fig. S3A and S3D). On average, the
health care workers who had received three doses
of vaccine had stronger and broader immunity
than the patients who had been evaluated during
the omicron wave regardless of vaccination sta-
tus, with neutralizing-antibody titers against the
D614G variant that were 59.9 times as high as
those in patients during the omicron wave. Fur-
thermore, the boosted health care workers had
neutralizing-antibody titers against the D614G
variant that were 4.2 times as high as those among
health care workers who had received two doses
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of vaccine and 2.8 times as high as those among
patients who had been assessed during the delta
wave.

Overall, our results indicate that BA.3 is not
a substantial immune-escape variant, a finding
that is likely due to its reduced number of muta-
tions in the receptor-binding domain as com-
pared with the BA.1 and BA.2 variants. However,
the deltacron variant retains the strong resistance
of other omicron sublineages and has no enhanced
sensitivity to serum obtained during the delta
wave. Although the effect of the delta-derived
spike mutations in the N-terminal domain on vi-
rus replication and pathogenesis remains unclear,
these mutations do not appear to impair neutral-
ization resistance. Recombination of SARS-CoV-2
variants and the potential emergence of a more
virulent variant with strong immune escape re-
mains a critical concern and requires ongoing
monitoring.
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